Energy intake underreporting of adults in a household survey: the impact of using a population specific basal metabolic rate equation
Resumo

O objetivo do presente estudo foi identificar a subestimativa da ingestão energética (IE) e estimar o impacto do uso de uma equação especí-fica da população para a taxa metabólica basal ( TMB)
,
Introduction
The assessment of individuals' dietary patterns is considered to be an important procedure to identify early nutritional status changes which may help prevent the emergence of diseases 1 . However, the detection of associations between food intake and the risk of diseases in population studies may be limited by the difficulty in measuring intake accurately. Data from studies using the doubly labeled water (DLW) technique have shown that some individuals 2 tend to underreport energy intake (EI). In general, EI underreporting increases with increasing age 3 , is higher in women than in men and is more prevalent among overweight and obese individuals 4, 5 . According to Goldberg et al. 6 , the ratio between EI and the basal metabolic rate (BMR) can be used to establish criteria for under and over reporting of EI. Mean values of EI below 1.35 times the BMR in individuals with stable body mass can serve as the cutoff point for detecting EI underreporting because it would be statistically unlikely that such a value would represent the usual intake. The cutoff value may, however, be different depending on the number of subjects being assessed, the number of days of EI assessment, the nutritional status and whether BMR is measured or predicted 6, 7, 8 .
The problems with the numerator, estimated EI, have been documented extensively in the literature 1 . However, little attention has been given to the denominator. BMR is important not only in the assessment of the validity of EI information in population studies but also in the determination of the energy requirements of populations and in the expression of physical activity levels 9 . Since it is not routinely measured, BMR is estimated by predictive equations 9, 10 , but some studies have shown that these equations overestimate BMR in Brazilians living in the country 11 and abroad 12 .
A recent report has documented the inadequacy of the Food and Agriculture Organization/World Health Organization (FAO/WHO) recommended BMR equations 9,10 in a probability sample of adults from Niterói, Rio de Janeiro State, Brazil 11 . Predicted BMR was significantly higher than measured BMR in men and women of all ages, leading the authors to develop 11 and validate 12 equations to estimate BMR for the adult population of Niterói. Thus, reliable BMR information is crucial when assessing EI in population studies. To this end, the purpose of the present study was to identify EI underreporting using the EI/BMR ratio based on the BMR estimated using internationally recommended and Brazilian-specific predictive equations, according to the age and nutritional status of the adult population of Niterói. The hypothesis was that the frequency of underreporting would be lower when population-specific BMR equations were used in the analysis.
Materials and methods
The Nutrition, Physical Activity and Health Survey (PNAFS) was a household survey for which a probability sample of adults (≥ 20 years of age) living in the city of Niterói, was designed in three stages 5, 13, 14 . In the first stage, 110 census enumeration areas (CEAs) were selected with a probability proportional to the number of household dwellings from an ordered list according to the average household income. This procedure allowed an implicit income stratification of the CEAs. In the second stage, for each selected CEA, 80 households were selected with equal probability to define a basic list used in the inverse sampling procedure 15 similar to that of the World Health Survey in Brazil 16 . In the third stage, for each interviewed household, an adult was selected to participate in the study with equal probability among all adults in the household. To be eligible, the adult had to be free of any cardiac or metabolic condition, under no medication that could alter food intake or metabolism, be under no restricted diet or be pregnant.
A first visit was conducted to each selected household to explain the purpose of the study, to obtain written consent and to schedule the beginning of data collection. In the morning of the schedule day, a trained nutritionist conducted a 24 hour dietary recall (24hR) 5 . The interviews were balanced on all weekdays in order to represent the mean intake of the population 1 .
A food photograph album 17 was used to help the subject estimate food portion sizes. If the food item was not present in the album, the size was estimated from other food items present in the album. Each reported food item was converted to grams based on the published food weights of the food photograph album. Foods or preparations reported in household measures were converted to grams using a table for Brazilian kitchenware measures 18 . The size/weight of foods or preparations eaten outside the house was obtained directly from the provider/manufacturer. The reported foods or preparations were converted to energy and macronutrients using computer software developed for the Brazilian cuisine (NutWin; Escola Paulista (25-29.9) , and obese (≥ 30). BMR for each individual was estimated by predictive equations recommended for international use 9,10 and the ones developed in a sub-sample of the PNAFS 11 . The equations are BMR = 9.99(body mass) + 7.14(stature) -2.79(age in years) -450.5 for males and; BMR = 8.95(body mass) + 8.87(stature) -0.70(age in years) -814.3 for females. EI underreporting was based on the EI/BMR ratio of 1.53 in accordance with the criterion suggested by Goldberg et al. 6 .
Of the 1,760 subjects selected, it was not possible to calculate the EI of 34 individuals due to fasting (2 subjects), and incompleteness of the 24hR. Thus, the final sample was composed of 1,726 individuals (1,202 women). Statistical weighting of the data allowed a representation of a total of 324,671 adults from the Niterói population (145,886 men and 178,785 women). Descriptive statistics (mean, standard error -SE and 95% confidence intervals -95%CI) were computed using the surveymeans and surveyfreq procedures of SAS (SAS Inst., Cary, USA) which adequately address complex sample designs, using calibrated weights. The significance of the differences of EI, BMR and EI/BMR between age and nutritional status categories were identified when the 95%CI did not overlap.
The Ethics Research Committee of the Sergio Arouca National School of Public Health, Oswaldo Cruz Foundation approved all research procedures in accordance with the Declaration of Helsinki for protection of human subjects from research risks.
Results
Mean (± SE) age was 45.3 ± 0.6 years for women and 43.0 ± 0.7 years for men and mean BMI was 25.5 ± 0.1kg.m -2 and 25.4 ± 0.2kg.m -2 , respectively ( Table 1) . Prevalence of underweight was low (2.9% and 2.1% in women and men, respectively) but overweight (32% and 34.4%) and obesity (15.1% and 13.8%) were highly prevalent. The results of BMR and EI/BMR according to the age of men and women are presented in Table 2 . The highest EI was observed in the 20-30 year-old group both in women and men and the lowest in the ≥ 60 year-old group. There was a progressive and significant decline in EI with increasing age, a phenomenon more evident and pronounced among men (Figure 1a ). EI increased with increasing BMI in men but decreased in women (Figure 1b) .
Among men, BMR decreased with increasing age, a fact not so clearly identified in women, although BMR was significantly different between the youngest and oldest age groups for both sexes. Since BMR estimated by the Brazilian equations was always lower than the Schofield equations, the mean EI/BMR ratio was always higher when it was calculated using BMR estimated using the Brazilian equations. The lowest EI/ BMR ratios calculated with BMR predicted by the Schofield's equation were found in the 50-60 year age bracket, with values of 1.06 ± 0.03 and 1.19 ± 0.05 for women and men respectively ( Table 2) . Table 3 presents the results of BMR and EI/ BMR according to the nutritional status of the female and male population. The mean EI/BMR ratio decreased with increasing BMI, a phenomenon more evident in the female population, in whom the EI/BMR ratio of the lowest BMI was significantly higher than the value of the highest BMI (Table 3) .
When the EI/BMR ratio was calculated with BMR estimated by the Schofield equations, underreporting was 80.4% (95%CI: 77.8; 83.0) and 72.6% (95%CI: 66.1; 77.2) for women and men respectively. The same values calculated with the Brazilian equations were 66.1% (95%CI: 62.9; 69.3) and 55.6% (9%%CI: 50.9; 60.2). Underreporting was higher in overweight/obese individuals in comparison to underweight subjects, irrespective of the equation used. Table 4 presents the percentage of individuals who underreported EI according to age, nutritional status and sex. With the exceptions of the ≥ 60 year-old group and the underweight groups, EI underreporting was significantly lower using BMR estimated by the Brazilian equations in women. Table 2 Measured and estimated basal metabolic rate (BMR) and energy intake (EI) and EI/BMR by age of the adult female and male population (≥ 20 years). 
Discussion
Assessment of the population's EI is important in the context of societies facing demographic transitional changes. The results of this study confirm, for the adult population of Niterói, the nutritional profile documented for the Brazilian population in the latest Household Budget Survey 22 : low prevalence of underweight and high prevalence of overweight and obesity. Dietary data of the adult population of Niterói showed that older male and female individuals report eating less, results that confirm the data found in the estimated EI of the population as a whole (1,490 and 1,795kcal.day -1 for the female and male population, respectively), and in the southeastern region where Niterói is located, in the most recent Household Budget Survey 23 .
Since the determination of energy requirements is given by the estimation of energy expenditure calculated, in most cases, as the product of BMR and physical activity level 9 , overestimation of energy requirements becomes very critical in obese individuals. Because BMR is rarely measured in clinical or epidemiological studies, predictive equations based on body mass and specific age groups are frequently used 9 . It has been well documented that these equations overestimate BMR 11, 12 . In fact, BMR values calculated by the equation proposed by Anjos et al. 11 and validated by Wahrlich et al. 12 , specific for the population of Niterói, show that the equations recommended for international use significantly overestimate BMR, confirming the results documented in segments of the Brazilian population living in the country 11 and abroad 24 . The results also showed differences in BMR when stratified by age, sex and nutritional status (BMI), factors that directly influence BMR 25 .
In individuals with excess body mass, negative energy balance (EI-energy expenditure) is often observed when energy expenditure is estimated by BMR x physical activity level, a situation that is not compatible with their nutritional status 5 . There are some basic methodological problems with the generation of such data, which may compromise interpretation. First, several studies of food intake in individuals with excess body mass seem to indicate that this segment of the population underreports EI 4, 26, 27, 28 . One Table 4 Percentage (%) of underreporting of energy intake (EI), using the 1.53 cut-off criterion based on EI to basal metabolic rate (BMR) ratio (EI/BMR) using the Schofield 10 or Anjos et al. 11 BMR predictive equations, according to age and nutritional status (BMI; kg.m -2 ) of the adult female and male population (≥ 20 years). Niterói, Rio de Janeiro State, Brazil. possibility to identify EI under (or over) reporting is the calculation of the EI/BMR ratio. The cutoff values for the ratio were developed assuming that energy requirement equals EI for sedentary individuals whose body mass remains stable. In the present study, the EI/BMR ratio was lower in overweight and obese individuals, with significant differences in each BMI category, confirming data from other studies 4, 6, 26, 27, 28, 29 . The EI/BMR ratio was close to 1 for obese individuals indicating an inadequate case of equality of EI and BMR. However, this has already been reported in the literature: in a sample of 215 middle-aged, low-income, low-literate Caribbean Latino population at risk of developing type 2 diabetes (78% were obese), mean EI/estimated BMR was 1.03 ± 0.37 and was lower in individuals with higher BMI 30 . The EI/BMR values of the American population investigated in the various waves of the National Health and Nutrition Examination Survey (NHANES) since 1971 have been shown to be 1.31 and 1.19 for men and women, respectively 31 . This shows how difficult it is to trust self-report EI measurements especially if BMR (or energy expenditure) is not measured or adequately estimated.
It is important to highlight that the EI/BMR values were always lower when the populationspecific BMR equations were used in the present study. This is due to the difference in BMR estimated by the two sets of equations (≈ 20%). It is recognized that BMR is overestimated by general prediction equations in some populations 9, 11 . EI/BMR data from the third phase of the NHANES decreased with increasing BMI 32 , which may have been due to the lower value of the numerator (underreporting) and overestimation of the denominator, overestimation of BMR based on the increasing values of body mass 8 . Individuals with greater body mass expend more energy to move their body mass, meaning that their energy intake will have to be higher to maintain their greater body mass, a fact documented in the publications on energy requirements by the Institute of Medicine 33 and FAO/WHO 9 . The fact that BMR is higher in individuals with higher body mass may explain the data found in the adult population of Niterói, in whom the EI/ BMR ratio was lower in subjects with higher BMI. Estimated energy expenditure in the same population 34 showed that as BMI increased energy expenditure also increased.
EI underreporting has been estimated to vary widely (10-45%) depending on age, sex and body composition 27, 28, 29, 35 . Underreporting increases with age 3 , is higher in women and is more prevalent among overweight and obese individuals 4, 5, 25 . The results of the present study confirm these findings. EI underreporting increased with increasing BMI. It is worth noting that except for underweight individuals, all age and nutritional status groups presented more than 50% of EI underreporting. Schoeller 2 has reported this as the usual level of underreporting found in energy expenditures studies using DLW. This technique can be used to identify EI underreporting if one assumes that the energy expenditure equals EI when body mass and composition are stable 29 . However, the method is too costly to be used in large epidemiological studies. Thus, it is imperative that accurate estimation of BMR (preferably measured) be used in health-related nutrition studies to ascertain the quality of EI information and its associations.
The accurate estimate of dietary intake remains a challenge but the 24hR is still considered an adequate method to determine the EI of large samples of individuals when all days of the week are assessed 9 despite the problems with memory, food size estimation and the food chemical composition tables. In the present study only one 24hR was obtained in a probability sample of adults in a household survey which might be considered a limitation. Because dietary intake of an individual is not constant from day to day, an understanding of the variability in food intake is required to estimate usual intake. Variability in food intake arises both because each individual differs in the types and amounts of food ingested from one day to the next 36, 37 and because individuals differ from each other in their food intakes (between-or inter-subject variability) 1 . Thus, the 24h dietary recall method is believed to represent the usual dietary intake of individuals when it is repeated in a number of days depending on the nutrient of interest 1 . However, a single 24hR can represent the mean intake of groups of individuals in dietary surveys given that all days of the week are assessed in a probability sample of the population 1 as was done in the present study. This procedure has been performed in large population surveys 7 .
Conclusion
The results of the present study confirm that EI is underreported, especially in individuals with excess body mass. It is crucial that BMR be adequately estimated when it is not possible to measure it if the purpose is to identify EI underreporting.
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